The determination of flow curves and the apparent viscosity curves at 28°C of creams containing human leukocyte alpha interferon as active principle is presented in this paper. These creams are used for the treatment of papiloma virus and herpes simplex. It is demonstrated that their behaviour corresponds to a thixotropic fluid. The Herschel-Bulkley model parameters are presented and discussed as an indicator of the grade of thixotropy. Apparent viscosity plotted as a function of shear rate and storage time allows defining the time period in which the samples recover their initial structure. Additionally it was concluded that for determining the quality of the product, the acceptance limit of the viscosity should be specified for a given shear rate. 
INTRODUCTION
Alpha-interferons (IFN-a) are groups of glycoproteins produced by different tissues in responses to an inductor agent. Their mass molar is between 16 and 27.6 kDalton and each one is constituted by 165 -166 amino acids. These molecules, with antiviral, antiproliferative (antitumoral) and inmunomodulator actions have been considered recently as biotechnonogical products that had high impact in the market during the last decade. As a consequence, such products sustain an increasing trend in the commercial world considering a sales over 3 billion dollars.
These aspects facilitate the introduction of new formulations and pharmaceutical formulations in which they are used [1] .
Scientific researches have demonstrated the effectiveness of a topical application of human leukocyte alpha interferon (M = 19.6kDal-ton) in the treatment of illnesses caused by papiloma virus and herpes simplex of high incidence in different population groups [2 -6] . At the moment, research groups are developing new creams, ointments and gels with interferon as active principle. One of the factors to study in such products is their stability. In the Centre for Genetic Engineering and Biotechnology, physicochemical and microbiological stability studies of creams containing human leukocyte alpha interferon are conducted. Biological activity, pH, organoleptic characteristics, extensibility, and microbial content are considered as desired properties that define the quality parameters for these products.
Research has shown that rheological properties can be included in quality assurance of pharmaceutical productions. Changes in rheological properties of different formulations as a function of storage time [7] , the development of a topical cream that allows maximum release rate of the active principle while having sufficient apparent viscosity [8] , the development of a local anaesthetic compound from topical formulations with different rheological behaviour [9] , the rheological evaluation of mucoadhesive vaginal gels [10] , and the characterisation of pharmaceutical gels by means of rheological and mechanical properties [11] demonstrate the importance of rheology in pharmaceutical studies.
Rheological properties of pharmaceuticals are complex and depend on many factors such as composition, shear rate, duration of shearing, shear history and are commonly expressed by non-Newtonian behaviour with yielding stresses. In order to enhance the quality of the production of pharmaceutical creams, it is widely recommended to include viscosity as one of the properties that must be characterised in detail.
The objective of this research was to investigate the flow behaviour and the applicability of rheological models to predict the viscosity of the creams containing human leukocyte alpha interferon, given the influence of rheological behaviour in the quality of topical formulations. Studies at two different concentrations and at different storage times are presented.
MATERIALS AND METHODS
Real time stability studies were developed with samples of two concentrations of the active principle: 20000 and 100000 Ul/g (UI: unit for interpheron's activity equals to a quantity of substance able to protect the 50% of the culture against virus infection). Three samples were manufactured for each concentration level, being identified those of lower concentration as A, B and C and those of higher concentration as D, E and F. Excipients used in the formulation were: glycerol-monostearate (emulsifier), cetilic alcohol (stabiliser), polysorbate 80 (thickener and emulsifier) propilenglycol (co-solvent), methyl parabene (preserving anti microbial) and purified water as solvent.
Samples were preserved under refrigeration (2 -8°C) and were subjected to periodic assays to determine several quality parameters of the product. The studied parameters were: biological activity, pH, organoleptic characteristics, extensibility and microbial content. In addition, flow curves were obtained for the 6 samples at different storage times, starting from the initial time, with intervals of 15 days during the first three months and finally at the sixth month.
Experiments were carried out in steady shear in a rotational viscometer equipped with concentric cylinders where the inner cylinder rotates. The assay temperature was 28 ± 0.5°C. The viscometer was calibrated with commercial viscosity standards. The ratio external cylinder diameter/internal cylinder diameter was 1.24. The internal cylinder diameter was 32 mm, the external cylinder diameter was 39.9 mm and the height of the internal cylinder was 72.6 mm. Measures were carried out each 30 s, increasing and decreasing shear rate to verify the existence of thixotropy. Shear rates were maintained within the limit of 0.4 and 175 s -1 .
RESULTS AND DISCUSSION
Comparison between the obtained results and the acceptance limits for biological activity, pH, organoleptic characteristics, extensibility and microbial content, allowed to conclude that for both levels of IFN-a an appropriate stability of the product can be expected for at least 12 months [12] .
FLOW CURVES DETERMINATION
The flow curves were obtained by increasing and decreasing of the applied rotational speed and therefore of the shear rate. These curves are presented in Fig. 1 for samples A and D. A non-Newtonian behaviour of a real plastic type was observed. Also, the hysteresis loop obtained was an indication of time-dependent (thixotropic) behaviour [13] . This response was presented in all the studied samples.
The shape of the flow curves suggests the Herschel -Bulkley model t = t 0 + K g · n as fitting model. Flow curves for increasing shear rates, g · + , and decreasing shear rates, g · -, were treated independently. The fit of this model to the experimental results was satisfactory obtaining high values of regression coefficient, r 2 , and a random distribution of the residuals. The result for samples A and D for initial time is shown in Fig. 2 . Significant differences were not present between samples A, B and C and samples D, E and F.
Since the flow curves were determined at 15, 30, 45, 60, 75, 90 and 180 days, the three parameters of the adjusted model were obtained for the six studied samples. These values are presented in Tab. 1 for samples A and D. Significant differences were again not present between samples A, B and C and samples D, E and F.
One could observe that the values of flow index, n, for increasing shear rates are lower than those for decreasing shear rates. However, all of them are smaller than unity. Also, values of yield stress and consistency index are bigger for measurements carried out for upward shear rate. When comparing the values of the yield stress for samples A, B and C with those obtained for samples D, E and F was found that for first group a value between 10 -80 Pa can be obtained, while for the second group the range was 20 -100 Pa. These results are in agreement with the higher active principle concentration in samples D, E and F.
The lack of coincidence of the curves determined for increments and decrements of shear rate is an indication of the thixotropic behaviour of the product. The grade of thixotropy of each sample was evaluated by the difference of the area under the flow curve for the increasing and the decreasing branch. This means:
The grade of thixotropy was evaluated as:
The results for the samples A and D are presented in Table 2 . As it is observed, the grade of thixotropy is larger for sample D. Comparing values for samples D, E and F with values for samples A, B and C. Therefore it can be concluded that the grade of thixotropy is bigger for the samples with higher content of active principle.
INFLUENCE OF SHEAR RATE AND STORAGE TIME ON APPARENT VISCOSITY
In Figs. 3 and 4 the apparent viscosity is presented as a function of the shear rate for different storage times for samples D and A, respectively. Changes in apparent viscosity were observed when shear rate and storage time changed. This behaviour was similar for the remaining samples.
The decrease of apparent viscosity as the shear rate increased was caused by the impairment of the structure that confers the plastic character and its later molecular orientation. It was observed that the curve obtained decreasing shear rates does not correspond with the one obtained increasing shear rates, which is characteristic of a thixotropic behaviour.
The values of apparent viscosity for the 100000 Ul/g samples were between 5 -15 Pas for shear rate interval between 10 and 100 s -1 , while for the 20000 Ul/g samples the range of 3 -10 Pas for an identical shear rate interval was obtained. It can be concluded that apparent viscosity depends on the content of active principle in the sample. The shear rate interval selected was the typical for pharmaceutical applications. In Fig. 5 the dependence of apparent viscosity, calculated at 100 s -1 , with the storage time is presented for the samples D and A. Also shown in Fig. 5 is shown how a recovery of the initial value of viscosity takes place after approximately 60 days (sample D). For samples E and F this behaviour was repeated (values are not shown). For samples A, B and C the recovery was not total, but a tendency in decreasing the apparent viscosity with the increase of time until the day 45 exists. Starting from this value the viscosity begins to increase although it is not reaching its initial value (only sample A shown in Fig. 5 ).
CONCLUSIONS
The following conclusions can be extracted from this study. The rheological behavior of the creams containing human leukocyte alpha interferon is in general non-Newtonian fluid and of real plastic character that depends on time (thixotropic flow). Such behaviour can be described using the Herschel-Bulkley model. 
